Abstract. A summary of ATLAS measurements that probe "hard" QCD interactions in the protonproton collisions of the LHC are presented.
INTRODUCTION
The large datasets of √ s =7 TeV proton-proton collisions collected by ATLAS detector [1] at the LHC provide the opportunity to probe short-distance strong interactions with a better precision and at a higher energy than has been possible before. Presented here is a short summary of the measurements made at ATLAS which test fixed order perturbative QCD and Monte Carlo predictions. All observables are (where appropriate) defined using anti-k T R=0.4 and/or R=0.6 jets [2] , and are fully unfolded back to the stable particle-level. Due to space constraints only a very limited selection of the full results for certain measurements can be reported here.
INCLUSIVE JETS AND DIJETS MEASUREMENTS
A double-differential measurement of the inclusive cross-section for jet production as a function of p T and rapidity has been made at ATLAS [3] , for jets with rapidities extending to |y| < 4.4. On the left of Fig. 1 we can see that good agreement between the measurement, NLOJET++ [4] and POWHEG [5] fixed order NLO predictions is observed, but there are significant differences in the success of the various POWHEG plus parton shower Monte Carlos in reproducing the data.
The ATLAS measurement of dijet production as a function of dijet invariant mass (m 12 ) and y * = |y 1 − y 2 |/2 has recently been updated to use 4.8fb −1 [6] , giving improved statistical precision at high masses. On the right of Fig. 1 one can see some tension between the measurement and the fixed order NLOJET++ prediction at high m 12 , high y * , with the NLOJET++ prediction apparently overestimating the measured cross-section.
Important measurements of the production of dijets with a central jet veto [7] and of the inclusive b-jet and dijet b-jet production [8] have also been made by ATLAS. 
The ratio of the ATLAS measurement and various Monte Carlo predictions to the NLO-JET++ prediction, on the left of the inclusive jet p T spectra in different (selected) jet rapidity ranges [3] , and on the right of the dijet invariant mass in different ranges of y * [6] .
MEASUREMENTS INVOLVING BOSONS
ATLAS recently published an extensive study of the production of a W -boson in association with jets [9] , including fully unfolded differential cross-sections as a function of many different variables; the number of jets, jet p T , H T , mass, rapidity and jet-jet angular separations. On the left of Fig. 2 we see important differences in the ability of various Monte Carlo generators to reproduce the ATLAS measured inclusive jet multiplicity ratio in W plus jets events. A complementary measurement of Z plus jets production has also been published by ATLAS [10] .
ATLAS has also made detailed measurements of vector boson production in association with b-jets. On the right of Fig. 2 the measured cross-section for W plus ≥ 1 b-jet production as a function of the exclusive jet multiplicity is shown [11] , and compared to the predictions of a fixed order NLO calculation and various Monte Carlo generators. Although consistent, there is a tension between the measurement and NLO prediction. A measurement of the cross-section for the production of b-jets in association with a Z-boson has also been made at ATLAS [12] .
An alternative, more inclusive way to probe QCD predictions using vector bosons is to measure their transverse momenta. ATLAS has made measurements of the cross-section for the production of a vector boson as a function of it's transverse momentum for both On the left the measured inclusive jet multiplicity ratio for W plus jets production compared to various Monte Carlo predictions [9] . On the right, the measured cross-section for W plus ≥ 1 b-jet production in exclusive jet multiplicity bins [11] , compared to NLO predictions. On the left, the ratio of the ATLAS measurement and various Monte Carlo predictions to the RESBOS prediction for the Z-boson transverse momentum [13] . On the right, the ATLAS measurement of the photon transverse energy spectra for photon plus jet events in a particular η γ y jet angular configuration, compared to a NLO prediction [16] .
Z-and W -bosons separately [13, 14] . On the left of Fig. 3 we see that RESBOS [15] , as well as the predictions of several other Monte Carlo generators, reproduces well the measured Z-boson p T spectra. Final states involving photons produced directly in the hard scatter can also be used as a probe of QCD. Recently, ATLAS published a differential cross-section measurement for the production of isolated photons in association with jets as a function of the photon transverse energy (E γ T ), in different jet rapidity (y jet ) ranges and for different photon-jet angular configurations (η γ y jet ≥ 0, η γ y jet < 0) [16] . On the right of Fig.3 the results for one particular η γ y jet configuration is shown. The measurement is compared to a NLO prediction, and the theory in general well describes the photon transverse energy spectra with the exception of the low E γ T region, a result also observed in the earlier inclusive photon measurement [17, 18] . ATLAS has also published a measurement of isolated diphoton production [19] .
FRAGMENTATION AND JET SHAPES
At ATLAS several measurements have recently been made to study in depth the "internal" properties of the jets produced in proton-proton collisions at the LHC [20, 21] . In particular, by geometrically associating charged particle tracks to jets reconstructed in
